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Introduction
With the increasing environmental problems due to emissions of pollutants from chemical industry, development of green synthesis of metal nanoparticles with various biological organisms in a more economical and eco-friendly mode has 20 received more and more attentions. Biosynthesis with the plant extract as both the reductant and stabilizing agents can successfully prepare and control the morphology of the metal nanoparticles in a simply way under mild conditions. 1, 2 A series of plant extracts have been used to successfully synthesize Au 3, 4 , 25 Ag 4-6 , Pd 7 , Au-Ag 8, 9 and Au-Pd 10 nanoparticles. For example, Au-Pd bimetallic nanoparticles were prepared based on simultaneous bioreduction of Au (III) and Pd(II) precursors with Cacumen platycladi (CP) leaf extract 5 . To date, the as-synthesized biogenic metal nanoparticles have been reported 30 in many fields including optics 11 , antibacterial or antimicrobial agent 2 , biological control 12 and so on. Of special interest is that metal nanoparticles from plant extracts could also be used as catalyst which exhibited comparative or more excellent performance comparing with those from the conventional 35 40 extract, the obtained catalysts possessed high catalytic performance and stability in oxidation and hydrogenation of CO 13 . Recent years, our group has also made great efforts on the preparation of catalysts with plant extracts [14] [15] [16] [17] [18] . It is found that bioreduction methods are easy to incorporate metal nanoparticles 45 into supports under mild conditions. Besides, with plant biomass playing as both reductant and stabilizer, bioreduction could prepare metal particles with a narrower size distribution and a desired diameter, which is very important for the catalytic activity. Highly stable and active Au nanocatalyst toward propylene 50 epoxidation was prepared through immobilizing biosynthesized Au nanoparticles onto TS-1 support and achieved excellent catalytic performance 14, 15 , demonstrating the advantage of plant extract in fabrication of supported metal catalysts.
Ethylene oxide (EO) is vital chemical intermediate with diverse 55 applications, the main method for producing EO is by the direct oxidation of ethylene with air or oxygen over a silver-based α-alumina catalyst [19] [20] [21] . Great interests have been focused on developing and optimizing the catalyst for more effective selectivity of EO due to both economic and technical reasons 22 .
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Conventionally, the Ag catalyst for ethylene epoxidation is prepared by impregnation through thermal decomposition process, in which silver nitrate 20 screened with a 20-mesh sieve. 15 g powder was added to 100 mL deionized water and the mixture was shaken at 30 °C for 12 h with a rotation rate of 150 rpm. After that, the solution was filtered and proper amount of deionized water was added to keep the volume of the filtrate at 100 mL. The concentration of the CC an Al Ka (1486.6 eV) as the X-ray source and the results were calibrated internally by the carbon deposit C(1s) (E b = 284.6 eV chromatograph was equipped with a TCD, using a Porapak Q packed column (2 mm × 3 m), and a flame ionization detector (FID), using a ß-ß-oxydipropionitrile packed column (2 mm × 1.5 m).
Results and discussion
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Ethylene epoxidation over the Ag/α-Al 2 O 3 catalysts The catalytic performance for ethylene epoxidation over the Ag/α-Al 2 O 3 catalysts prepared from different silver precursors is shown in Fig. 1 reached. In order to compare the selectivity of different catalysts under the similar EO concentration in a more intuitive way, the EO selectivity against EO concentration over Ag/α-Al 2 O 3 with different silver precursors is shown in Fig. 2 . In the range of (Fig. 4C ) with a statistic diameter of 93.2±41.2 nm ( Fig. 4D) . UV-Vis DRS characterization UV-Vis DRS was used to identify Ag oxidation state of the three catalysts. As shown in Fig. 5 , obvious absorption band at ~200 nm aroused by the electron transition of 4d 10 from metallic Ag [27] [28] [29] , was observed on the three catalyst, indicating the existence of Ag 0 on them. Ag/α-Al 2 O 3 -en catalyst (Fig. 5c) had the strongest band intensity of ~250 nm compared with the other two samples, suggestting that more metallic Ag existed on this sample. Bands at the 296 nm and 350 nm assigned 15 to the Ag n δ+ clusters, which were formed by the interaction between metallic silver and the support, could promote the reaction of ethylene epoxidation [30] [31] [32] [33] [34] . Comparing with the other two, band at 296 nm is stronger of Ag/α-Al 2 O 3 -en which exhibiting the best catalytic activity of ethylene epoxidation. XPS analysis 35 XPS experiment was performed in order to get more information about the electronic states of Ag on the three catalysts prepared from different precursors. As shown in Fig. 6 [43] [44] [45] . Generally the binding energy of metallic Ag3d 5/2 is at 367.9 eV 36, 37 . Fig. 6 shows that the peak shifts obviously to lower binding energy, which was attributed to the differential charging effect aroused by 45 the interaction between Ag and the support 35 . XPS spectra in Fig.  6 while desorption of lattice oxygen occurs at above 750 °C 41 , and it is generally believed that the atomic oxygen which desorbs at 200~500 °C is the reactive species on silver catalysts 38 . (Fig. 7c) , the peak at 248 °C could be attributed to the nucleophilic oxygen species desorbing from regular surface and the peak at 323 °C to electrophilic oxygen species desorbing from imperfect or defect regions of the silver surface [42] [43] [44] . The desorption peak at 403 o C 20 was referred to oxygen species desorbing from the subsurface of silver 45 . And it was believed that nucleophilic oxygen species located on the regular surface of silver was responsible for promoting the adsorption of C 2 H 4 on Ag surface 21 , and the electrophilic oxygen species adsorbed on the silver defects 25 surface could attack the carbon-carbon double bond of ethylene to produce EO 42 . Thus, O 2 -TPD results also clarified the catalyst prepared from Ag[(en) 2 ] + with CC extract had the best reaction activity due to the excellent oxygen activation ability. the best oxygen activation ability, which plays an important role in ethylene epoxidation reaction.
